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Abstract 
 

Jakarta Bay as an area with the densest population in Indonesia is one of the highest contaminated 
waters in the world including pollution of debris. Reclamation activities in Jakarta Bay will change the 
water conditions and will also affect the distribution of debris at sea. This study was conducted to 
determine the movement of the macro debris before and after bay reclamation in Jakarta Bay. The 
method used is a simulation model using the hydrodynamic and particle trajectory models. The 
hydrodynamic model used data on wind, tides, bathymetry, and shoreline, while the trajectory model 
used data on macro debris, debris weight, and debris flux. Hydrodynamics simulations indicate that the 
reclamation does not change surface current patterns significantly, but resulting in a decrease in flow 
velocity from around ± 0.002 m/s to 0.02 m/s at some point. The trajectory of debris particles indicates 
that after reclamation, macro debris tends to accumulate in the eastern region of Jakarta Bay during 
the rainy season (January) as there are anticlockwise eddy currents. However, debris tend to 
accumulate in both the western and eastern regions during the dry season (July) due to a clockwise 
eddy current in the eastern part of Jakarta Bay. 
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Introduction 
 
Marine debris is a solid persistent object, manufactured or processed by man, directly or indirectly, and 
found in the marine environment (NOAA, 2016). Marine debris consists of several types, one of which 
is macro litter measuring 2.5 cm - 1 m long. The exact estimation of the amount of plastics in the ocean 
is unknown, but the amount of floating debris on the sea level is estimated to be 93,000 tonnes (UNEP, 
2009) and nearly 8,200 metric tons of waste were collected along the 40,000 km of coastal globally 
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(Ihsan et al., 2019). Debris in the ocean may cause death of the microbial life (Derraik, 2002) (Gregory, 
2009) (Ihsan et al, 2019), facilitate the spread of invasive species, and release toxic chemicals into the 
marine environments (Thompson, 2015) (Thompson, 2009) (Lippiatt et al, 2015) (Zettler, 2013) (Kwon, 
2015). 
 Jambeck et al. (2014) stated that Indonesia is the second highest contributor of plastic waste in 
the world after China. Based on a review by (Pranowo and Purba, 2018) on marine debris in Indonesia, 
macro and micro debris were found scattering on the surface and in the water column of the sea, on 
the mangrove ecosystem and on the seabed. Other studies have also indicated that there is a 
correlation between the distribution of debris in the sea and human activities (Purba et al, 2018). Jakarta 
Bay is one of most populated coastal areas in Indonesia and may contribute to the release of large 
amounts of waste into the waters of Jakarta Bay. (Hastuti, 2014) showed that plastic as the main macro 
waste contributed to 77.7% of the total waste, followed by styrofoam (18.1%), found in the area of 
Pantai Indah Kapuk, Jakarta Bay.  
 Reclamation project conducted by the Jakarta government is expected to change the 
environmental conditions in the waters of Jakarta Bay. Subsequently, this may cause physical changes 
such as silting, changes in flow patterns, increased solid waste, and changes in the ecosystem, and 
cause a variety of waste trapped in the waters of Jakarta Bay (Rositasari et al, 2017). Physical changes 
from reclamation will alter the movement of water particles (Critchell et al, 2015) (Hardesty, 2009) 
(Politikos, 2017), which later affect the transport of debris in the oceans. Study on macro debris 
transport before and after reclamation, and changes in the movement of debris found after the 
reclamation had been reported by reference (Jasmin, 2018). Using a modeling approach, this study 
focused on the movement of macro debris from the estuary of Jakarta Bay before and after the 
reclamation. A similar study have been performed by other researchers (Handyman et al, 2019) 
(Pangestu et al, 2016) (Attamimi et al, 2015), which found that debris movement was influenced by the 
water hydrodynamics and the types of macro debris used in the model. The results of this study could 
be used to improve waste management strategy in Jakarta Bay. 
  
 
Materials and Methods 
 
The study area in this study is the waters of Jakarta Bay, where several rivers enter the bay namely 
Cisadane, Cengkareng, Angke, Pluit, Sunda Kelapa, Ciliwung, Sunter, Cakung, BKT, Blencong, 
Cikeas, Ciherang, and Citarum (Figure 1). 
 

 
Figure 1: Research Area Maps 
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The method used in this study is simulation modelling using hydrodynamic and particles trajectory 
models (Handyman et al, 2019) (Pangestu et al, 2016) (Attamimi et al, 2015). The simulation models 
were conducted for one-month representing the rainy (Monsoon Transition II and West Monsoon) and 
drought seasons (East Monsoon and Monsoon Transition I), in January and July respectively 
(Rositasari et al, 2017). The simulation time is set in 2012 and 2017. Several types of data were used 
in the simulation model including (i) bathymetric, which was sourced from DISHIDROS bathymetric 
maps; (ii) tides, from the Prediction of Tidal Height (PTH); (iii) winds, from the European Center for 
Medium-Range Weather Forecasts (ECMWF) at the resolution of 0.125° x 0.125°, and (iv) streamflow 
of BBWS (Wulp et al, 2016) And Book II NKLD (Setiawan, 2016). Additional data was used to validate 
the simulation results namely tidal data from the IOC Sea Level Monitoring from Jakarta Kolinamil 
station (http://ioc-sealevelmonitoring.org). The tidal type was processed with admiralty method to get 
the formzahl value, as well as the Root Mean Squares (RMSE) value which was calculated to get the 
model error (Handyman, 2019) (Pangestu, 2016).  
 The macro debris sampling was conducted in March 2018, and debris were categorized 
according to their size, and type of anthropogenic domestic debris by Greenpeace Indonesia in 2016. 
The following is the classification of domestic debris including bottle caps, shampoo sachets, plastic 
food wrappers, styrofoam food containers, plastic water bottle 330 mL, plastic bottle 650 mL, plastic 
bottle 1.5 L, shampoo bottles, plastic, glass beverage bottles, food cans, plastic detergent packaging, 
and bottles of detergent or other cleaners (which are further subdivided based on weight: 4.55 grams, 
12.98 grams, 21.23 grams, 29.45 grams, and 46.03 grams). Scenario simulations include three models 
namely (i) before the formation of the reclaimed island; (ii) after the formation of the reclaimed island 
without Garuda Island; and (iii) after a fully-formed Garuda Island. The assumption used in this model 
is not the degradation of debris annually hydrodynamics waters of Jakarta Bay is not changed, as the 
cycle and move with the surface current debris (Handyman, 2019) (Pangestu et al, 2016). The analysis 
was performed so that the hydrodynamic model is able to determine the movement of winds, surface 
currents, and tidal models, as well as the validation of the tides. Furthermore, simulations were 
performed using the movement of the macro debris particle trajectory module from the source point 
which originated from the 13 estuaries presented in Figure 1, as well as the predetermined scenario. 
The analysis was also conducted for the movement patterns of debris from the source point before 
versus after the reclamation. 
 

Results and Discussion 

Physical parameters 
Based on the results of bathymetry data processing, the depth of the waters of Jakarta Bay ranging 
between 1 and 92 meter. The Jakarta Bay consisted of shallow water around the bay, and several 
islands that formed the the Seribu Islands. With these topographic variations, depth variations in Jakarta 
Bay tend to be more on the west than the east side. In general, the depth of the waters of Jakarta Bay 
ranging from 5 to 32 meters (Rositasari et al, 2017), but other study mentioned that the bathymetry 
varied between 3 and 29 meter with an average of 15 meter (Rositasari et al, 2017). 
The movement of winds in Jakarta Bay is strongly influenced by the monsoons. This study was 
conducted in January which represents the west monsoon season, and in July which represents the 
east monsoon season (Figure 2). 
 
 

   

 

 

 

 

 

 

 

 

 

   

Figure 2: Jakarta Bay Windrose (a) January 2012, (b) January 2017, (c) July 2012, (d) January 2017 
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The movement of the wind in January 2012 and January 2017 are relatively similar (Figure 2), which is 
predominantly from the west, with the dominant speed ranged from 5,71 to 6,10 m/s in 2012 and from 
4,19 to 5,57 m/s in 2017. This is related to the west season that occurs during December-February, in 
which the wind is moving from west to east to the area of Java in general. 
 Just as the movement of the wind in January, the movements of the wind in July 2012 and 2017 
tend to be similar. The wind movement is predominantly from the southeast, with the speed rangeing 
from 3,1 to 3,9 m/s in 2012 and from 2,6 to 2,8 m/s and 3,4 to 3,6 m/s in 2017. The dominant wind 
speed in January and July in 2012 and 2017 is relatively similar, although the speed in 2012 is faster 
than in 2017. According to (Lubis and Yosi, 2012), one of the characteristics of the western monsoon 
is that the rainfall is high and the wind movement is strong at >15 knots, and also characterized by the 
movement of ocean’s waves that leads to the east. The eastern monsoon, on the other hand, is 
characterized by small and dry wind, and weak ocean waves. 
 Analysed on tidal patterns based on the PTH data model using the method of admiralty, it is 
shown that the tidal patterns in the waters of Jakarta Bay, both in January and July, is similar for a 
single daily uniform pattern (diurnal) with the formzahl value of 3,5. In accordance with previous studies 
(Yogaswara et al, 2016) (Yuliasari et al, 2012), the waters of Jakarta Bay had a single daily tidal with a 
range of value between 3,2 and 4.85 formzahl, in which a single daily tidal pattern occur as one high 
and one low tides in a single day (Yogaswara et al, 2016). The comparison of model tides and IOC Sea 
Level Monitoring data is presented in Figure 3. 
 
 

 
Figure 3: Comparison of Sea Surface Elevation Model and Data from Kolinamil in January 2017 

The tidal patterns in January is shown in Figure 3, and the highest tides occur between 00.00 to 05.00 
pm, and low tide between 12.00 to 15.00 pm. The tidal patterns in July showed that the highest tides 
occur between 12.00 to 15.00 pm, and low tide between 00.00 to 02.00 pm. 
 The tests also indicated that the tides error or RMSE values of the model is equal to 8.5%-
12.02%. The RMSE value or value error in January is greater if compared to July, which can be seen 
from the pattern in Fig. 3 above. According to reference (Veerasamy et al, 2011) a good RMSE values 
for a good prediction model should be <0.3 or less than 30%. Therefore, our simulation models can be 
trusted. 
 
Simulation scenario 1, 2, and 3 
The hydrodynamics and trajectory of particle simulations for the three scenarios were carried out for 
one-month, both during the rainy (January) as well as dry seasons (July). Comparison of hydrodynamic 
simulations was conducted on the speed and the direction of surface currents, while for the trajectory 
of the particles we studied the movement patterns of the particles. From each estuary, we assumed 
that one particle come out every hour. 
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Figure 4: Model of Surface Currents Pattern in Jakarta Bay From Scenario 1 (a) January, (b), July; Scenario 2, 
(c) January, (d) July; Scenario 3, (e) January, (f) July. The red box shows the region with decreased flow 

velocity 

 
The movement of surface currents in January is mainly moving eastward, as a result of the movement 
of winds from west to east (Figure 4), but some times, the surface current is moving from the west to 
the northwest. In July, the current tends to move towards the west. The direction of the currents is 
strongly related to the wind and tidalmovements. Based on the picture above (Figure 4), the movement 
of currents in coastal areas experienced a deflection dependent on the topography of the coastline in 
the area, as well as the surface current through the islands. 
 Overall, during the month of January for scenario 1 (Figure 4a), the average flow speed is 0,034 
to 0,082 m/s, scenario 2 (Figure 4c) is 0,02 to 0,065 m/s, and the third scenario (Figure 4e) the average 
surface current speed is 0,025 to 0,066 m/s, while the average flow velocity in July of scenario 1 (Figure 
4b) ranged from 0,02 to 0,082 m/s, scenario 2 (Figure 4d) ranges from 0,02 to 0,067 m/s, as well as for 
scenario 3 (Figure 4f) is from 0,026 to 0,068 m/s. 
 Comparison of the average surface current speed for some point in scenario 1 January in a row, 
namely: 0,04 m/s; 0,048 m/s; 0,05 m/s; 0,056 m/s; 0,056 m/s; 0,046 m/s, scenario 2 are: 0,039 m/s; 
0,023 m/s; 0,02 m/s; 0,065 m/s; 0,022 m/s; 0,037 m/s, as well as three scenarios are: 0,026 m/s; 0,02 
m/s; 0,025 m/s; 0,03 m/s; 0,063 m/s; 0,04 m/s. Comparison of the average flow velocity at some point 
in scenario 1 July respectively are: 0,082 m/s; 0,023 m/s; 0,026 m/s; 0.061 m/s; 0,03 m/s; 0,036 m/s, 
scenario 2 are: 0,067 m/s; 0,018 m/s; 0,013 m/s; 0,058 m/s; 0,023 m/s; 0,033 m/s, as well as three 
scenarios are: 0,068 m/s; 0,023 m/s; 0,026 m/s; 0,05 m/s; 0,03 m/s; 0,035 m/s.  
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Figure 5: Model of Particle Trajectory in Jakarta Bay From Scenario 1 (a) January, (b), July; Scenario 2, 

(c) January, (d) July; Scenario 3, (e) January, (f) July 
 

 
Observation on the particle trajectory simulation was conducted at every seventh day i.e. the 1st, 
7th, 14th, 21st, and 28th. The simulation results showed that the movement of debris was influenced 
mostly by the wind and also by the tidal movements. A simulation in January of scenario 1 (Figure 
5a), indicated that within a period of less than 7 to 21 days, the debris from the 13 estuaries are 
moving eastward away from the Jakarta Bay. In July (Figure 5b), it took longer for debris to travel 
out from the waters of Jakarta Bay. Debris that originated from Ciliwung and Cengkareng takes 
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up nearly 28 days to move from the waters of Jakarta Bay. Debris from Citarum and Sunter are 
still in the waters of Jakarta Bay within one-month of the simulation period. 
 Results from particle trajectory simulation for scenario 2 in January (Figure 5c) showed 
that macro debris from Sunda Kelapa, Cakung, BKT, Blencong, Cikeas, Ciherang and Citarum 
are moving away from Jakarta Bay at different periods. Debris particle from other than the above 
mentioned estuaries did not move away from Jakarta Bay until 30 days of the simulation time. In 
July (Figure 5d), we found that debris from Cisadane and Cengkareng move out from Jakarta Bay 
at different travel times, whereas debris from the other 11 estuaries were found in the western part 
of Jakarta Bay and in the crevices around the reclaimed island. Debris from Ciherang and Cikeas 
moves into two directions, one that goes through the gaps in the reclaimed island and one that 
are trapped in the eastern part of Jakarta Bay. 
 Model debris movement for scenario 3 in January (Figure 5e), showed that moving debris 
from 13 estuaries partially move away from Jakarta Bay at different travel times i.e. one-month 
period and partly trapped in the gaps of the reclaimed island. Most of the debris are trapped in the 
eastern part of Jakarta Bay.  
 For the simulation in July (Figure 5f), the debris move away from Jakarta Bay within 30 
days are those from Cisadane and Cengkareng. Debris from other estuaries are moving and 
passing through the crevices of the reclaimed island towards different directions, depending on 
the time and the power of the currents. 
 The travel distance of the debris particles in January for scenario 1 varies considerably 
with the farthest reached 63,44 km from Cisadane with a travel time fewer than 21 days; and the 
closest at 8,64 km from Citarum. Results from simulation in July showed that the farthest distance 
was 36,97 km from Cikeas, and the closest was 6,34 km from Cisadane. For scenario 2 in January, 
the farthest was 41,35 km from Citarum and the closest was 6,34 km from Citarum, while in July 
the farthest mileage is 22,00 km from Cikeas and the closest was 8,64 km from Cisadane. The 
farthest distance of debris particles in ccenario 3 in January was 48,95 km from Cisadane and the 
closest was 8,64 km from Citarum, while in July the farthest distance is 28 km from Citarum. 
 The flow velocity around the 13 estuaries, both in January and July, was higher than any 
other areas on the coast because of the existing flow of water from several inland rivers. Jakarta 
Bay stream velocity was categorized as weak pace with an average flow speed between 0 and 4 
m/s, this is because the setting of Jakarta Bay as enclosed waters. Previous research has shown 
that the surface current velocity in Jakarta Bay ranging between 0,034 and 0.277 m/s (Yogaswara, 
2016). 
 The difference between the movement patterns of surface current in the rainy season 
(January) versus the dry season (July) lies in the direction of the current as well as the current 
speed, where the speed of flow in July is slower than in January (Atmadipoera, 2015) research 
showed that the current movement in the west season (monsoon) is faster than east season 
(summer). In addition, the average speed of wind in January is higher than July, both in 2012 and 
2017.  
 Based on the current speed comparison between scenarios 1, 2 and 3, our study indicated 
that the pattern of movement in the region has not changed in the near offshore, but there was a 
change in the reclamation area. In some parts of Jakarta Bay, especially near the reclaimed island, 
the flow velocity has decreased. The surface current has changed direction at the end point of 
reclamation and follow the form of reclamation, then follow the pattern of movement of surface 
currents before reclamation. This is because the surface current is induced or triggered by wind, 
tide, and the difference in the seawater density (Yuliasari, 2012). 
 The overall trajectory of the particles of the waste movement in January prior to 
reclamation is moving to the east, while in July is likely to move to the west. Along with the surface 
current speed, the movement of the debris particle based on models indicated that in dry season 
(July), the particles are moving slower than in rainy season, where debris takes longer to exit the 
waters of Jakarta Bay. 
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 Difference in the direction of particle movement has caused debris to be trapped in the 
eastern part of Jakarta Bay both in January and July under scenario 1, whereas under scenario 2 
and 3 mostly due to differences in flow direction. During rainy season, the surface current gathers 
in the eastern Jakarta Bay aroung the reclamation area in the opposite directions resulting in an 
anti-clockwise spin (anticlockwise eddy). In July, however, the current rotates in clockwise 
direction (clockwise eddy). This is consistent with the results from Atmadipoera (2015) research, 
which reported that the flow simulation in the Jakarta Bay after reclamation led to the formation in 
the gap eddys reclamation island, one of them in the eastern part of Jakarta Bay. Other than that, 
the results of the simulation model of particle tracking from (Norden 2018) also showed that debris 
in January after reclamation tends to make the debris piled up in the eastern part of Jakarta Bay. 
Based on this, island reclamation is affecting the movement patterns of the debris particles which 
may resulted in debris accumulation around the waters of Jakarta Bay. 
 The movement patterns of macro debris particle from the three scenarios also showed the 
effects to travel distance of debris particles from each river. The distance tends to decrease with 
increasing reclamation islands. Travel distance and time of macro debris particle moving away 
from 13 estuaries varie, especially in scenario 3, because the movement of the debris does not 
confined to only one direction, but towards different directions when the debris is moving between 
the gaps in the reclaimed island.  
 
 
Conclusions 
 
The patterns of surface current movement before and after reclamation have not changed 
significantly in the offshore area, but a small change has occurred around the reclamation area. 
The flow velocity decreased from ± 0.002 to ± 0.02 m/s in the area around the reclamated island. 
The movement of macro debris in January was influenced by the tides which are primarily moving 
towards the eastern part of Jakarta Bay, whereas the tides in July tend to move towards the west 
part of Jakarta Bay at a slower pace than in January. 
 Results from model simulation of the particle trajectory from three different scenarios 
showed there are changes in the movement patterns of macro debris particles. In January, the 
particle tends to be trapped in the eastern part of Jakarta Bay and in some areas of the reclaimed 
island due to the anti-clockwise eddy.  In July, however, the particles are partially trapped in the 
western region of the reclaimed island and partly in the eastern part of Jakarta Bay due to the 
clockwise eddy. 
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